/ 


/ 

/ (3) 


Europaisches Patentamt 
European Patent Office 
Office europtfen des brevets 



© Publication number: 0 405 868 A2 

EUROPEAN PATENT APPLICATION 


© Application number: 90306884.9 
© Date of filing: 22.06.90 


© int. CI. 5 : C09K 19/42, C09K 19/46 
G02F 1/133 


© Priority: 24.06.89 JP 161149/89 

© Date of publication of application: 
0Z01.91 Bulletin 91/01 

© Designated Contracting States- 
DE PR GB NL 

© Applicant: FUJITSU LIMITED 

1015, Kamikodanaka Nakahara-ku 
Kawasaki-shi Kanagawa 211(JP) 

Applicant MITSUI TOATSU CHEMICALS, Inc. 
2-5 Kasumigaseki 3-chome 
Chiyoda-Ku Tokyo 100(JP) 

@ Inventor: Mochizuki, Akihiro 
© Liquid crystal composition. 


1-6-305, MIzuhlkf 2-chome 
Atsugi-shi, Kanagawa 243(JP) 
inventor: Hlrose, Mitsuakl 
Haitsu Fudo 102, 178-250 Kondo 
Tatebayashl-shl, Qunma 374(JP) 
Inventor Hama, Hideo 
18-2, Izumidal 3-chome 
Ichihara-shi, Chiba 299-01 (JP) 
inventor: Nakatsuka, Masakatsu 
1-11, 2882, lljlma-cho, Sakae-ku 
Yokohama-shi, Kanagawa 244(JP) 


© Representative: Abrams, Michael John et al 
HASELTINE LAKE & CO. HazJftt House 28 
Southampton Buiidfngs Chancery Laneane 
London WC2A 1AT(GB) 


© A ferroelectric liquid crystal is formed by incorporatinc as th* 

a ferroelectric liquid crystal having a specifc^ component, a predetermined amount of 

liquid crystal compostton has a brL ^^S^rZ ZtTo^ ?™T* ^ ™ s 
m a low-temperature region. Moreover, this liquid cnTi ™ *r h part,cu u lar; ™ b * Actively driven even 
memory stability, and a high contrast ratio c ™P™t,on has a high orientation uniformity, a high 
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LIQUID CRYSTAL COMPOSITION 


The present invention relates to a liquid crystal composition. More particularly, trie present invention 
relates to a liquid crystal composition in which an improved orientation, high contrast, high memory stability, 
and high-speed response are obtained by using a conventional liquid crystal and a liquid crystal having a 
specific naphthalene structure as main components, and mixing same at a predetermined ratio. 
5 Furthermore, the present invention relates to a ferroelectric liquid crystal display device comprising the 
above liquid crystal composition. 

Since a liquid crystal display element is a plate type element with a small power consumption, the 
liquid crystal display element is widely used as a display element of a word processor, a lap top computer 
or the like Especially, a super twisted nematic (STN) liquid crystal display element can be applied to a 
w display having a relatively large display capacity such as 640 x 400 dots, and is widely used for personal 
computers and the like. * 

Nevertheless as the display capacity of the liquid crystal display increases and applications to word 
processors or personal computers having an enhanced performance are attempted, the application of a 
conventional STN becomes difficult because it has an unsatisfactory display background color and viewing 

rs field^an 9'e- ^ proB0Se d for overcoming these defects of the conventional liquid crystal display, a 

ferroelectric liquid crystal display (FLCD) was proposed [NA Clark and S.T. Largerwall. J. Applied Phys.cs 

L9tt So~US? 9 «6ra>7 (Noel A. Clark) discloses "Chiral Smectic Cor H Liquid Crystal Electro-Optical 

20 Device",' wherein a liquid crystal electro-optical device comprising: 

a quentity of chiral. at least one of smectic C and smectic H, liquid crystal having a plurality of adjacently 
disposed layers each comprised of a plurality of molecules, each molecule havmg a long axis; 
first and second means, perpendicular to and contiguous with said layers, for aligning the long axes of said 
molecules adjacent to said first and second means parallel tos aid first and second means, said molecules 

25 of said layers in a bulk of said liquid crystal forming helixes having axes perpendicular to said layers he 
distance between said first and second means being less than the distance at which sa.d helixes form in the 
absence of an electric field, said first and second means causing said long axes to assume one of a first 

and second stable orientaion; „-,.,n Q i ♦„ 

means for applying an electric field to at least a portion of said layers. sa,d electnc fie d being paratel to 
30 S layers and pedicular to said first and second means, and for reversing the d.recfcon of »dM« 
S d Se strength of said electric field being sufficient to shift the long axis of melecu.es ,n said prton of 
said layers from said first orientation to said second orientation upon application of said electnc field ,n a 
direction reversed from the direction of said electric field previously applied; and 

means for processing light passing through said liquid crystal so that light passing through porbons of a d 
3S liquid crystal having said first orientation can be distinguished from light passing through portions of sa.d 
iiauid crvstal having said second oriation, indicated. 

fS) shows a spontaneous polarization because the polarizations of liquid crystal molecules are 
oriented in one direction, and since this spontaneous polarization is reversed when the polarity o he 
footed electric field is reversed. FLCO shows ferroelectric characteristics. Accordingly as the dnve 
Sod a method is adopted in which the spontaneous polarizations of liquid crystal molecules are oriented 

^al^^VSS^^ «*• to ™ e,ectric fleld having a negatiV8 polarity, , the disp ! a )l con ?£ 

1 held ^me memor^ effect of the liquid crystal, i.e„ the property whereby after the onentabon of the 

obtained, or if obtained, the response time is long and the ° Thavtg a great 

a o„rface stabilized ferroelectric liquid crystal display (SSFLCD) is recognizee » nd y y 

SSFLCD is a "chevron" not a "bookshelf" structure, and vecause of this structure, th SSFLCD shows ztg 
zag defers". £ Ouchi. J. Lee, H. Takezoe. A. Fukuda, K. Kondo "T. Ktamura and A. Mokoh. J JAP. 27 
L1993 (1988)). resulting in a poor contrast ratio and unstable bistability. 
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A "bookshelf" structure obtained by an oblique deposition technique has been reported (M. Johno, A. 
D. L Chandani, Y. Ouchi. H. Takezoe, A. Fukuda, M. Ichihashi and K. Furukawa, J.JAP. 28 L119 (1989)), 
but a bookshelf structure with a rubbed polymer film cell and suitable for a mass production of the SSFLCD 
has not been reported. 

Accordingly, the development of a liquid crystal material maintaining a high-speed response char- 
acteristic, a characteristic of FLCD, and having a satisfactorily stable memory effect is desired in the art. 

A mixture composed mainly of an ester compound and a phenylpyrimidine compound is mainly used 
for the conventional FLCD, but a satisfactorily stable memory effect cannot be obtained by any of the 
known compositions of this type. The main reason for this is that since a compatible Coulomb mutual 
action (interaction) is not effected in the interface between each liquid crystal molecule and the substrate, 
microdomains are formed, or if a certain orientation is obtained, many zigzag defects are generated as 
described hereinafter. 

Under this background, the inventors proposed an FLCD in which a high-speed response characteristic 
and a stable memory effect can be manifested by using a naphthalene type liquid crystal having a 
naphthalene ring in the core unit portion of the liquid crystal molecule (Unexamined Japanese Patent No. 
TOKKAIHE1 1-101389). The naphthalene type liquid crystal is a material which is different from conventional 
PLC in that the generation of zigzag defects is not observed, and in which a liquid crystal orientation having 
an excellent uniformity can be manifested, and further, the naphthalene type liquid crystal has a much 
better memory characteristic than those of the conventional liquid crystal materials. 

In general, however, the naphthalene type liquid crystal has a high viscosity, and an increase of the 
viscosity is especially conspicuous at temperatures lower than 15* C, and therefore, the naphthalene type 
liquid crystal is defective in that the response time is abruptly lengthened in a low-temperature range (lower 

than 10' C). ....... 

Accordingly, the inventors searched for a liquid crystal material retaining the charactensttc of conven- 
tional liquid crystals. i.e., a relatively low viscosity in a low-temperature region, and having the good 
orientation and memory characteristics inherently possessed by the naphthalene type liquid crystal. Rrst, a 
mixture of a conventional phenylpyrimidine type mixed liquid crystal with the naphthalene type liquid crystal 
was examined, and as a result, it was confirmed that the compatibility between the phenylpyrimidine liquid 
crystal and the naphthalene type liquid crystal is generally poor and the ferroelectric phase-showing 
temperature range is narrowed by the mixing. Accordingly, the inventors tried to obtain a stable memory 
characteristic in a broad ferroelectric phase-showing temperature range by mixing various naphthalene type 
liquid crystals into conventional liquid crystals as the base, but it was found that naphthalene type liquid 
crystals differ in their compatibility with the conventional liquid crystals according to the difference of the 
molecular structure, and that the intended effects of the present invention can be attained by a novel liquid 
crystal composition formed by combining the liquid crystals described below. The present invention is 

based on this finding. 

The research objectives of the present inventors were as follows. 

First to clarify the relationships betwen the molecular structure and layer structure of the liquid crystal, 
and then to obtain a bookshelf structure; second to investigate dependence of the layer structure on the 
electro-optical properties thereof; and third, to obtain a high contrast ratio and stable bistabihty with the 
bookshelf layer structure of the SSFLCD with a rubbed polymer film. 

A primary object of the present invention is to provide a liquid crystal composition in which an 
improvement of the orientation of the ferroelectric liquid crystal display (elimination of zigzag defects and 
attainment of a high uniformity in the display plane), a stabilization of the memory effect, and an 
improvement of the contrast ratio are satisfactorily obtained. 

To realize this object, according to the present invention, the chevron structure (see Fig. 2). which is the 
conventional liquid crystal layer structure, is changed to the bookshelf structure (see Fig. 1). 

A secondary object of the present invention is to provide a liquid crystal composition having a bookshelf 
structure and has satisfactory characteristics required for liquid crystal materials from the practical view- 
point, such as the driving temperature and the liquid crystal viscosity. ea « ofar 4 nrv 

A third object of the present invention is to provide a liquid crystal composite having a sabsfactory 

spontaneous polarization while obtaining the foregoing primary and secondary objects. 

spontaneous po ^ ^ ^ . g ^ § |jqujd ^ djsp|ay d9V , ce cornpnsmg tne 

above-mentioned liquid crystal composition of the present invention fnrannina Qbiects can be 

In accordance with one fundamental aspect of the present invent™, theforegoing ^objects can be 
obtained by a liquid crystal composition comprising (1) 5 to 60% by w 8I ght of at east one member 
selected from the group consisting of compounds repres nted by th following formula (i): 
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(I) 


wherein Ri represents an aikyl or alkoxy group having 6 to 16 carbon atoms, and R 2 represents an alky! 
group having at least one asymmetric carbon atom and 4 to 13 carbon atoms, which may be substituted 
with an alkoxy group having 1 to 6 carbon atoms, 

(II) 5 to 60% by weight of at least one member selected from the group consisting of compounds 
represented by the following general formula (II): 




oHo) — jj- 0 -\£;-^ 


wherein R 3 represents an alky! or alkoxy group having 6 to 16 carbon atoms, and represents an alfcyt or 
alkoxy group having at least one asymmetric carbon atom and 4 to 13 carbon atoms, 
(111) 5 to 60% by weight of at least one member selected from the group consisting of compounds 
represented by the following formula (111): 




0 


wherein R 5 represents an alkyl or alkoxy group having 6 to 16 carbon atoms, and R s represents an alkyl or 
alkoxy qroup having at least one asymmetric carbon atom and 4 to 1 3 carbon atoms, 
and (IV) 5 to 70% by weight of at least one member selected from the group consisting of compounds 
represented by the following formulae (IV-1) through (IV-5): 
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55 
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R 8^y-J°y° R i {iv - 2) ' 

R 8 -H(0)- jj-O— (o)-OR 7 ( IV-3 ) , 
0 

R 8-(o)-{£) _ "f- 0_ ^2) _R ' <IV " 4> ' and 



wherein Rg and R 9 represent an alkyl group having 6 to 16 carbon atoms, and R 7 represents an alkyl group 
having at least one asymmetric carbon atom and 4 to 13 carbon atoms, with the proviso that the element 
bonded to the asymmetric carbon atom includes a halogen atom. 

In accordance with another aspect of the present invention, there is provided a liquid crystal composi- 
tion, which further comprises (V) 5 to 40% by weight of at least one member selected from the group 
consisting of compounds represented by the following formulae (V-1) and (V-2): 



wherein R,„ represents an alkyl or alkoxy group having 6 to 16 carbon atoms, and R„ represents an alkyl 

group having at least one asymmetric carbon atom and 4 to 13 carbon atoms, 

in addition to the foregoing compounds (I) through (IV). • 

This liquid crystal composition of the second aspect of the present invent.on has been completed based 
on the finding that the compound of group (V) has a strong effect of expanding the spontaneous 
polarization, and in this liquid crystal composition, by incorporating the compound of group (V) into 
compounds (I) through (IV). the response speed of the liquid crystal is further increased within a range at 
which the viscosity of the entire liquid crystal is not increased. 

^accordance with one aspect of the present invention, there is provided a ferroelctnc hqu.d crystal 

display device, comprising: 

A liquid crystal panel, comprising: 

a fist transparent substrate; u„w Q . 
a s cond transparent substfate substantially in parallel with the first transparent substrate, 
first transpatent electrode means formed on th int mal surface of said first transparent substrate; 
ecoS Satent electrode means formed on the internal surface of said second transparent -borate; 
a spacer betwen the first and second transparent substrates, said first and second transparen substrates 
and said spacer forming a enclos d space, said first and second transparent electrodes each having an 
internal surface facing the enclosed space; krfrato . 
first liquid crystal orienting means formed on the internal surface of sari first transparent substrate. 
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second liquid crystal orienting means formed on the internal surface of said second transparent substrate; 
a ferroelectric liquid crystal having a spontaneous polarization and forming a bookshelf smectic-C layer 
structure, charged in the enclosed space; and 

means for causing the liquid crystal at selected portions of the panel to have a polarization of the liquid 
crystal molecules oriented in one direction and the liquid crystal at other portions of the panel to have a 
polarization of the liquid crystal molecules oriented in a reverse direction thereto, comprising means for 
applying a pulse wave form electric field alternatly to the positive and negative sides by applying a pulse 
wave form electric voltage across the first and second electrodes, wherein said ferroelectric liquid crystal is 
a chiral smectic-C liquid crystal composition comprising (1) 5 to 60% by weight of at least one member 
selected from the group consisting of compounds represented by the following formula (I): 


(I) 


wherein Ri represents an alky I or alkoxy group having 6 to 16 carbon atoms, and R 2 represents an alky I 
group having at least one asymmetric carbon atom and 4 to 13 carbon atoms, which may be substituted 
with an alkoxy group having 1 to 6 carbon atoms. 

(II) 5 to 60% by weight of at least one member selected from the group consisting of compounds 
represented by the following general formula (II): 


(II) 


wherein R 3 represents an alky I or alkoxy group having 6 to 16 carbon atoms, and R* represents an alkyl or 
alkoxy group having at least one asymmetric carbon atom and 4 to 13 carbon atoms. 
(Ill) 5 to 60% by weight of at least one member selected from the group consisting of compounds 
represented by the following formula (III): 

" (III) 




wherein Rs represents an alkyl or alkoxy group having 6 to 16 carbon atoms, and R 6 represents an alkyl or 
alkoxy group having at least one asymmetric carbon atom and 4 to 13 carbon atoms, 
and (IV) 5 to 70% by weight of at least one member selected from the group consisting of compounds 
represented by the following formulae (IV-1 ) through (IV-5): 
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r =~\2/ _ S"°"a2/ -OR7 

0 

R 8 -<0>^oW°-<0>- «, 


OR, 


(IV-1), 
(IV-2), 
(IV-3), 

(IV-4), and 

(IV-5). 


wherein R, and R, represent an alkyl group having 6 to 16 carbon atoms, and R 7 represents an alky I group 
having at least one asymmetric carbon atom and 4 to 13 carbon atoms, with the provso that the element 
bonded to the asymmetric carbon atom includes a halogen atom. 

In accordance with another aspect of the invention, there is provided ferroelectnc l,qu.d crystal d.splay 
device, which further comprises (V) 5 to 40% by weight of at least one member selected from the group 
consisting of compounds represented by the following formulae (VI) and (V-2): 


C "°" R 11 ( v-1 )' and 



-O-R 


11 


(V-2) 


wherein R,„ represents an alkyl or alkoxy group having 6 to 16 carbon atoms, and R„ represents an alkyl 
group having at least one asymmetric carbon atom and 4 to 13 carbon atoms, 

in addition to the foregoing compounds (I) through (IV)- . cmartir _c laver 

In the present ferroelectric liquid crystal display device, the above-mentooned bookshelf smectic C layer 
Picture is oeraendicular to the first and second substrates. «„.„„ ri 

tso in the present ferroelectric liquid crystal display device, the above-ment-oned f-rst and second 
liquid crystal orienting means comprise a polymer film subjected to above . me ntioned 
Further, in the present above-mentioned ferroelectnc l.qu.d crystal d.splay dev.ce, above mentions 
nnlar film is formed of polyvinyl alcohol (PVA). polyimide. or polyamide. . . . ,„ atfor + 

P Fo a bSJ undersong of the invention, and to show how the same may be earned ,nto effect, 
reference will now b made, by way of exampte only, to the accompanymg drawmgs, .n wh.ch. 

Figure 1 illustrates a liquid crystal layer having a bookshelf structure; 

Fig. 2 illustrates a liquid crystal layer having a ch vron structure; 

Fl ! o illustrates an X-rav diffraction pattern of a conventional liquid crystal; 

F?a I ££Z « X-ray diffraction pattern of the liquid crystal composition of the present -J"*"- 

Hg. 5 is a^Sh showing the relationship between a layer tilt angle and a temperature of the present 
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liquid crystal composition; 

Fig. 6 is a graph showing the relationship between between a layer tile angle and a temperature of the 
present liquid crystal composition; 

Fig. 7 a graph showing the relationship between a Bit angle and a temperature of the present liquid 
s crystal composition; 

Fig. 8 is a graph showing the relationship between the response time and the applied voltage; and 
Fig. 9 is a graph showing the relationship between the memory stability and the layer tilt angle. 
The ferroelectric liquid crystal composition of the presne invention comprises compounds of groups (I) 
through (IV) mentioned above, and may further comprise a compound of group (V). 
iq The liquid crystal composition of the present invention will now be described with reference to the layer 
structure formed by the liquid crystal. 

Note, in all of the compounds of groups (I) through (V). groups Ri through Rn may be either linear or 

branched. , ^ ,. . . . . 

Generally in a display using a ferroelectric liquid crystal, the layer structure formed by the liquid crystal 
is is ideally vertical to the substrate, as reported by Clark et al (see Rg. 1, in which reference numeral 1 
represents the substrate and reference numeral 2 represents the layer structure). This structure is called a 
-bookshelf structure". In the display using a liquid crystal having this structure, the orientation is improved, 
a high contrast is obtained, the memory stability is improved, and a high-response characteristic is 

obtained. . „ , . . . . 

20 In the conventional ferroelectric liquid crystal, however, it is known that in practice, the layer is bent in 
a <-shaped form, as shown in Rg. 2 (in which reference numeral 1 represents the substrate and reference 
numeral 2 represents the layer structure). In the <-shaped bent structure (chevron structure), the inherent 
electro-optical switching of the ferroelectric liquid crystal does not occur, and the layer structure per se >.s 
unstable, and accordingly, a practical application of the liquid crystal to a display device is difficult. In the 

25 chevron structure, since the layer is bent, the polarizations of respective liquid crystal molecules cancel one 
another out with the result that the macro spontaneous polarization is reduced and the response is delayed. 
Moreover, since the directions of respective molecules differ from one another, the polarization becomes 
unstable in the memory state and the memory characteristic is poor. Furthermore, where the bent parts of 
<-shaped layers are contiguous to each other (see Rg. 2). a domain wall called a discl.nat.on portion is 

30 generated because the state of the advance of light is changed at the boundary of the orientations ; of taqjuid 
crystal molecules. This disclination portion appears as a display defect (zigzag defect) wh.ch.causes a 

red ^rd1ngir°^cture in which the layer is vertica. to the substrate (bookshelf structure) is 
M sS^!lr7e^ g the inherent disoiay of the ferroelectric liquid crystal. The present invention 

The compound of group (II) is also a liquid crystal essential for the construction of the bookshelf 
« stru^.TdTs liquid' crystal is characterized in that the liquid crysta. phase transition temperature ,s 
relatively broad on the higher-temperature side. ; u^eh^if 

Further, the compound of group (Itl) is a liquid crystal essential for the constructs of the bookshelf 
structure, and this liquid crystal is characterized in that the viscosity is relatively low. 

The compound of group (IV) is used in combination with the compounds of groups (I). (II) and (111), and 
« the Son of this compound is to expand the ferroelectric liquid crystal phase temperature range 

^IlKinrff ^ effects of construing the bookshelf 

contrast and a stable memory characteristic, the liquid crystal compounds of groups (I). (II) and (III) are 

JEX the bookshelf structure can b construct d most easily in the - W©. 

Therefore, in principle, use of the compound of group (I) in a large amount ,s preferable. Nevertheiess. 


9 


EP 0 405 868 A2 


since the viscosity of the naphthalene type liquid crystal is high, a practically applicable composition is 
formed by the incorporation of the compound of group (IV). The compound of group (I!) is a liquid crystal 
which is especially effective for expanding the driving temperature range toward the high-temperature side. 
Among naphthalene type liquid crystals, the compound of group (III) has a low viscosity and is effectively 
used when an extreme reduction of the viscosity is desired. In practice, since the viscosity can be reduced 
to some extent by mixing the compounds of groups (I), (II) and (III), it is possible to mix all or parts of the 
compounds of groups (1), (II), (III) and (IV) and use the mixture. 

Preferably, the liquid crystal compounds of groups (I), (II) and (III) are used in amounts as large as 
possible, as long as the viscosity and driving temperature range are practically satisfactory. Namely, each 
of the compounds of groups (I), (II) and (III) is preferably used in an amount of 5 to 60% by weight, with the 
balance being the compound of group (IV). Since each of the compounds of groups (I), (II) and (111) has a 
high viscosity, if the amount of any of the compounds of groups (I), (II) and (111) exceeds 60% by weight the 
response time becomes too long and the liquid crystal composition cannot be practically used. If the 
amount of any of the compounds of groups (I), (II) and (111) is smaller than 5% by weight, the effect of 
constructing the bookshelf structure is not satisfactory. 

In the compound of group (I) constituting the liquid crystal composition of the present invention, Rt is 
preferably an alkyl group having six to sixteen carbon atoms or an aikoxy group having six to sixteen 
carbon atoms and especially preferably an alkyl group having 8 to 14 Carbon atoms or an aikoxy group 
having 8 to 14 carbon atoms. R 2 is preferably an alkyl group having at least one asymmetric carbon atom 
and 4 to 13 carbon atoms, especially 5 to 9 carbon atoms, which may be substituted with an aikoxy group 
having t to 6 carbon atoms. 

In the compound of group (II}, R 3 is preferably an alkyl group having 6 to 16 carbon atoms or an aikoxy 
group having 6 to 16 carbon atoms, and especially preferably an alkyl group having 8 to 14 carbon atoms 
or an aikoxy group having 8 to 14 carbon atoms. R* is preferably an aikyi or aikoxy group having at least 
one asymmetric carbon atom and 4 to 13 carbon atoms, especially 5 to 9 carbon atoms. 

In the compound of formula (III), Rs is preferably an alkyl group having 6 to 16 carbon atoms or an 
aikoxy group having 6 to 16 carbon atoms, and especially preferably an alkyl group having 8 to 14 carbon 
atoms or an aikoxy group having 8 to 14 carbon atoms. Rs is preferably an aikyi or aikoxy group having at 
least one asymmetric carbon atom and 4 to 13 carbon atoms, especially 5 to 9 carbon atoms. 

In the compound of group (IV). Ra and R g each represent an aikyi group having preferably 6 to 16 
carbon atoms, especially preferably 8 to 12 carbon atoms. R 7 represents an alkyl group having at least one 
asymmetric carbon atom and preferably 4 to 13 carbon atoms, especially preferably 5 to 9 carbon atoms. 

Note, the halogen atom as the element to be bonded to the asymmetric carbon atom is, for example, 
chlorine or bromine. 

in the compound of group (V), R 10 is preferably an aikyi group having 6 to 16 carbon atoms or an 
aikoxy group having 6 to 16 carbon atoms and especially preferably an alkyl group having 8 to 14 carbon 
atoms or an aikoxy group having 8 to 14 carbon atoms, ft, represents an alkyl group having at least one 
asymmetric carbon atom and having preferably 4 to 13 carbon atoms, especially preferably 5 to 9 carbon 

^"preferable amounts of the compounds of groups (I) through (V) are now described. The preferable 
amount of the compound of group (I) is 10 to 50% by weight, the preferable amount of the compound of 
qroup (II) is 10 to 30% by weight, the preferable amount of the compound of group (III) is 5 to 30% by 
weight, the preferable amount of the compound of group (IV) is 10 to 60% by weight, and the preferable 
amount of the compound of group (V) is 20 to 40% by weight 

The liquid crystal of group (IV) is used in combination with the liquid crystals of groups (I) through (III) 
or with the liquid crystals of groups (I) through (HI) and (V) and exerts a function of expanding the 
ferroelectric liquid crystal phase temperature range. Accordingly, the mixing ratio of the liqurd crystal of 
group (IV) is changed according to the desired ferroelectric liquid crystal phase temperature range. Since » a 
temperature range of from about -10*C to about + 60'C is generally required, the amount added of the 
liquid crystal of group (IV) should be adjusted to 5 to 70% by weight according to the chMnsbcs of the 
quid costal miLe of tt!e liquid crystals of groups (I) through (II.) or (I) through (III) and (V). I f fte > ~ 
of the liquid crystal of group (IV) is smaller than 5% by weight, the effect of expanding th liquid c ystal 
ph2 emperaTure range, especially on the low-temperature side, is poor, and if the amoun of ^e iqu.d 
cnSal of group (IV) is larger than 70% by w ight. it becomes impossible to mamtain th bookshelf 

StnJ Thi iiouid crystal of group (V) is used in an amount of 5 to 40% by weight preferably 20 to 40% by 
^SS, a sutfcient spontaneous polarization. If the amount of th liquid ^ - W 

c3* smaller than 5% by weight a satisfactory effect of increasing the spontaneous polanzation cannot be 
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obtained, and rf the amount of the liquid crystal of group (V) is larger than 40% by weight, the viscosity of 
the liquid crystal composition becomes too high and it is difficult to maintain the bookshelf structure. 

The present invention will now be described in detail with reference to the following preferred examples, 
that by no means limit the scope of the invention. 

5 

Example 1 

A liquid crystal composition {hereinafter referred to as "composition 1 ") was obtained by mixing the 
70 following compounds of groups (I) through (IV) in the amounts described below. 

Composition 1 
Group ( I ) : 

40% by weight of 


75 


30 


35 


40 


45 


*• 

-OCH-CHCH- 


20 *- " > ' II > ' 0C 2 H 5 

0 

Group ( II ) : 
2s 10% by weight of 



0C 6 H 13 


C 2 H 5 CH-(CH 2 ) 3 0 

CH 3 
Group (IV): 

30% by weight of 


O CH 3 


50 


55 
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Group (IV): 

10% by weight of 


Example 2 

A liquid crystal composition (hereinafter referred to as "composition 2") was obtained by mixing the 
following compounds of groups (1) through (IV) in the amounts shown below. 

Composition 2 
Group ( I ) : 

50% by weight of 



C 11 H 23 


0 

Group (II): 

20% by weight of 


c 6 h 13 cho -h(o)^o)-c-o-^o 


OCH-CHCH, 

2 | 3 
OC 2 H 5 



OC 6 H 13 



C 2 H 5 CHCH 2 0-V 0 


OClO^l 


CH 3 
Group (IV).: 

10% by weight of 

S H 17H^^)-^0)- OC 9 H 19 


Example 3 

A liquid crystal composition (hereinafter referred to as "composition 3") was obtained by mixing the 
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following compounds of groups (I) through (IV) in the amounts described below. 

Composition 3 
Group ( I ) : 

15% by weight of 


* 

OCH^CHCH. 


OC 2 H 5 



OC 8 H 17 


C 2 H 5 CHCH 2 0_^o 

dH 3 

Group (IV): 

45% by weight of 


O ) ~\ O /~ OC 8 H 17 


C 1Q H 21 0 -{^}-jj-0--<o)-OCH 2 CHC 2 H 5 


CH 3 


Group (IV): 

10% by weight of 


Example 4 

A liquid crystal composition (hereinafter referred to as "composition 4") was obtained by mixing 
following compounds of groups (I) through (V) in the amounts described below. 
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Composition 4 
Group ( I ) : 

30% by weight of 


/-\ /^(o) OCH CHCH 3 

o 


Group (II): 

10% by weight of 



0C 6 H 1 


C 2 H 5 <j:H-(CH 2 )30_^O 


CH 3 

Group (IV) : 

30% by weight of 


-0-<0>- OC 10 H 2 




C 10 H 21°-(O >-fi-°-< O >-0(CH 2 ) 3 piC 2 H 5 


CH- 


Group (IV): 

5% by weight of 


CgH 


Group (IV): 

5% by weight of 

C 9 H 19-(0^0>- «Vl9 
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Group (V): 

10% by weight of 


C S H„0 


70 


-S-°-f C 6 H 13 
0 CH 3 


75 


Example 5 


A liquid crystal composition (hereinafter referred to as "comnnsitinn *«\ • ^ u 

foHowing compounds of groups (I) through (V) in the arlnfc £32 be,oJ. ^ * ** 


20 


25 


30 


40 


45 


55 


Composition 5 
Group ( I) : 

15% by weight of 


C 10 H 21°-^ O V-C-0 irs \2/-°CH 2 CHCH 3 



* 


'J 

OC n H 


2"5 


15% by weight of 



'3 . 

Group (III) : 

15% by weight of 



C 2 H 5 CHCH 2 0_(o>^ J " Vl/^ OC 8 H 17 
CH 3 


Group (IV): 
so 30% by weight of 


,-{o>- c-o-®-, 


C 10 H 21° V ^ r~ \ U >— 0(CH, ) 3 CHC 2 H 5 

CH 3 
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10 


Group (IV): 

10% by weight of 

Group (V) : 

15% by weight of 


75 


20 


C g H 19 0 



O )-c-o. 
o 



O 


°>-?- 0 - < r HC 6 H i3 


0 CH- 


Exampie 6 


25 


■LHOm CrVSta l C ° mposition referred to as "composition 6") was obtained by mixino the 

awing compounds of groups (I) through (V) in the amounts ria&rih** halibut 


30 


following compounds of groups (I) through (V) in the amounts described below. 
Composition 6 
Group (I) : 

15% by weight of 


35 


40 


45 


50 


55 



C 10 H 21°-< O >- C-0 


Group (II): 

15% by weight of 



0 


O )_0CH 2 CHCH 3 
0C 2 H 5 



Group (III): 

20% by weight of 

C 2 H^H ( C„ 2)3 O-<o<3 > -p-<£>- 0C 1 0H 21 
CH 3 
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Group ( IV) : 

20% by weight of 


c 8 H i7°^0>-<0>— c-o -<@>-f<ococ 9 H 


9 "19 

0 CH. 


A 3 

Group (V) : 

30% by weight of 



/ — ( O )— C-O-CHC.H. „ 
CA,0-<O>-C-0— (o)-' » l H3 613 


Example 7 

A liquid crystal composition (hereinafter referred to as "composition T) was obtained by mixing the 
following compounds of groups (I) through (V) in the amounts described below. 

Composition 7 
Group ( I) : 

15% by weight of 

/ — \ / — \0) OCH^CHCH. 

0 Z D 

Group (II): 

15% by weight of 
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Group (III): 

20% by weight of 


* ^-\0)— C-0-/oV 0C in H 9i 
C 2 H 5 CH(CH 2 ) 3 0— (O V-/ || \ / 10 21 

CH 3 

Group (IV): 

20% by weight of 

C 8 H 17 

CH 3 

Group (V) : 

30% by weight of 

* 

C-0-CHC g H 13 



<k 3 


In the following comparative examples, liquid crystal compositions lacking one or more of the 
indispensable components of the liquid crystal composition of the present invention were prepared. 


Comparative Example 1 

A liquid crystal composition (hereinafter referred to as "composition 8") was prepared according to the 
following recipe, without using the compound of group (II). 


Composition 8 
Group ( I ) : 

20% by weight of 


OCH-CHCH., 
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Group (III): 

10% by weight of 



c 2 H 5 <j:HCH 2 o— <^o 

CH 3 
Group (V) : 

10% by weight of 


-K°)^- OC 10 H 21 


c io H 2i° ^o}~ l°~(oj^ 


C-0-CHC..H. . 


Group (IV): 

60% by weight of 



c io H 2i°-AO>-fi-o^O 



2 L 5 


Comparative Example 2 

A liquid crystal composition (hereinafter referred to as "composition 9") was prepared according to the 
following recipe, without using the compounds of groups (II) and (111). 

Composition 9 
Group ( I ) : 

30% by weight of 


C 10 H 21° 



OCH 2 CHCH 3 
ic 2 H 5 
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Group (IV): 

10% by weight of 

CI 

C g H ig "{O^^O^- C-O-CHCHjCH-CHCH- 

0 

Group (IV): 

20% by weight of 


C 8 H 17 -^X^V 0C8H 
Group (IV): 

30% by weight of 

C 9 H 19 ° C 

Group (IV): 

10% by weight of 

C 8 H 17^O^-{o)-0C 9 H 19 


9 H 19 


Comparative Example 3 

A liquid crystal composition (hereinafter referred to as "composition 10") was prepared according to the 
following recipe, without using the compounds of groups (II) through (IV). 

Composition 10 
Group ( I ) : 

30% by weight of 

/""A r~{o) OCH 2 CHC 2 H 
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Group ( I ) : » 
40% by weight of 

c 8 H i7° ~{o}-fr 0 -(o^ 


0CH_CHC_H c 
2 J 2 5 

CH-, 


Group (V) : 

30% by weight of 


C 9 H 19°-<0 



-0-CHC 6 H 13 


0 CH- 


Comparative Example 4 

A liquid crystal composition (hereinafter referred to as "composition 1 1 ") was prepared by using only 
the compounds of group (I), without using the compounds of groups (II) through (IV). 

Composition 11 
Group (I) : 

40% by weight of 

/ v > O ( CH 0 ) ,CHC,H- 


Group ( I ) : 

30% by weight of 


c io H 2i° 



0(CH 2 ) 3 CHC 2 H 5 
CH, 
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Group (I) : 

30% by weight of 



Example 8 


Evaluation Panel 

With respect to each of the liquid crystal compositions obtained in the foregoing examples and 
comparative examples, the display characteristics were evaluated by using the following evaluation panel. A 
transparent electrode-attached glass substrate having a size of 50 mm x 60 mm and a thickness of 1.1 mm 
was used, and PVA (polyvinyl alcohol) was used as the liquid crystal-orienting film. The PVA film had been 
subjected to the rubbing treatment, and the panel gap was adjusted to 2.0 urn. A liquid crystal composition 
shown in Table 1 was sealed in this panel and the electro-optical response characteristics thereof were 
evaluated. 

A liquid crystal display device according to the present invention is constructed as follows. Ferroelectric 
liquid crystal composition according to the present invention is chrged in the enclosed space formed 
between first and second transparent substrates substantially in parallel each other, and a spacer inserted 
between the substrates. 

Transparent electrodes are formed on the internal surface of the substrate spatially and in the line, and 
each transparent eiectode formed on each substrate is aligned perpendicularly to the other, to thereby form 
a matrix addressed display. 

Each of the terminals of the first switching means is electrically connected to one of the first transparent 
electrodes, and each of the terminals of the second switching means is electrically connected to one of the 
second transparent electrodes. The terminal of the first switching means and the terminal of the second 
switching means are connected to opposite terminals of a voltage source. The first second switching means 
include means for applying the voltage from the voltage source across any of the first transparent 
electrodes and any of the second transparent electrodes. 


Evaluation Items 

(1) Each evaluation panel was observed in the cross Nicol state by a microscope, to examine the 
uniformity of the orientation of liquid crystal molecules. Namely, the presence or absence of zigzag defects 
and the change of the light transmission according to the place were checked. The change of the light 
transmission according to the place is shown as the in-plane uniformity in Table 1 . The in-plane uniformity 
was evaluated according to the following procedures. 

Namely, the display plane (transparent electrode matrix) was divided into 5 x 5 (= 25) spots. The light 
transmission at each spot was compared with the mean value of the light transmissions at the respective 
spots, and the ratio (%) of the difference between the light transmission at each spot and the mean value to 
th mean value was calculated. 

The memory stability (memory retention ratio) was evaluated according to the following procedures. 

Namely, pulse waves having a length of 400 us and a wave height of 1 5 V were applied to each panel, 
and the light transmission after 0.5 second was compared with the light transmission at the time of the 
application of the pulse, and the ratio (%) of the light transmission after 0.5 second to the light transmission 
at the time the application of the pulse was calculated. The higher the light transmission after 0.5 second, 
the gr ater the memory stability. 

Furthermore, the contrast ratio was evaluated based on the ratio of the light transmission in the "on" 
state and th light transmission in the "off" state at the time of the memory, i.e., after 0.5 second. 
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10 


15 


20 


(2) Evaluation of Driving Temperature Range of Ferroelectric Liquid Crystal 

The ferroelectric liquid crystal display is different from the STN liquid crystal dinlnv in *.» ~* . «. 
temperature range showing the liquid crystal state but aiso the t^pS^tC vXsaTS £ 
polarization is possible, is important. Namely, if the reversal of the spontaneous S I * ♦ 

range was determined according to the following conditions. 9 I8mperature 

PVA was coated on a transparent electroconductive film-attached glass substrate having a size of 60 
mm x 50 mm and a thickness of 1.1 mm, the rubbing treatment was carried out. and S ,, quid c^sS 
composition was sealed into a cell sandwiching the substrare using an SiO, sphere having aZate 
diameter of 1 .6 urn as the spacer, to thereby fabricate a panel. The panel gap was 2.0 to 2 2 urn 

The panel was placed in a constant-temperature thermostat tank and the electric-optical characteristics 
were measured by using an He-Ne laser as the light source. The driving was effected by appfying puS 
waves having a length of 400 us at intervals of 0.5 second on the positive and negative sides altemateTy 
The wave he,ght was 15 V (±15 V). The temperature range wherein the contrast ratio of the electro-optical 
response was at least 5/1 at the time of driving was designated as the driving temperature range 
The viscosity was measured at 25 C. by the triangular wave method. 
The results of the measurements of the respective items are shown in Table 1. 


Table 1 


25 


Composition No. 

Zigzag 

In-Plane 

Contrast 

Memory 

Driving 

Viscosity 


Defects 

Uniformity 

Ratio 

Retention 

Temperature 

(mPa's, 



(%) 


Ratio (%) 

Range ( C) 

25 C) 

1 

not found 

<5 

25 

97 

10-42 

453 

2 

ditto 

<5 

20 

93 

10-40 

530 

4 

ditto 

<5 

22 

95 

5-43 

431 

6 

ditto 

<5 

22 

98 

5-42 

420 

7 

ditto 

<5 

25 

97 

4-41 

410 

8 

ditto 

<5 

17 

88 

15-30 

395 

9 

ditto 

<5 

18 

90 

14-27 

90 

10 

ditto 

-8 

15 

92 

35-40 

480 

11 

ditto 

-8 

12 

93 

29-38 

530 

conventional liquid crystal" 

found 

15-25 

1 

0 

5-45 

250 

Note 















30 


35 


40 ': phenylpyrimidine type mixed liquid crystal 


Note, the viscosity of the liquid crystal composition (composition 9) of Comparative Example 2 is low. 
This is because, since the driving temperature range is narrow and the measurement temperature of 25 *C 
is close to the smectic phase-showing temperature, the viscosity is low. From the practical viewpoint, 
preferably the driving temperature range is at least from 10 to 40* C and the viscosity at 25* C is 400 to 
550 mPa's. 

Each of the compositions of Examples 1, 2. 4, 6 and 7 satisfies these requirements. 

From the results shown in Table 1, it is understood that the liquid crystal composition of the present 
invention is superior to the comparative liquid crystal compositions in all of the contrast ratio, the memory 
retention ratio, and the driving temperature range. 


Example 9 

So ■■ — 

In the present example, it was determined whether or not the liquid crystal composition of the present 
invention actually had the bookshelf structure. 

In general, th layer spacing in the layer structure of a ferroelectric liquid crystal is scores of A, 
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typically, thirty A, and therefore, the structure can be confirmed by a usual X-ray diffractometry Since an X- 
ray peak corresponding to the layer spacing is obtained by the transmission X-ray diffractometry in the 
bookshelf structure shown in Fig. 1. a peak is obtained only when an X-ray is incident at an anqle 
corresponding to the Bragg angle (2dsinfl = n\). Therefore, a single peak is obtained in the case of the 
bookshelf structure. 

In contrast, in the case of the chevron structure shown in Rg. 2, peaks are obtained at Bragg angles 
corresponding to both V and V in the layer bent in the <-shaped form; i.e., double peaks are observed 

Note, double peaks are observed in conventional liquid crystals, as shown in Yukio Ouchi et'al 
Japanese Journal of Applied Physics, 27 , 11, L1993 L1995. (An example taught in this reference is shown 
in Fig. 3.) 

As apparent from Fig. 4, in the liquid crystal composition (composition 1) of the present invention, a 
single peak is obtained in the X-ray diffraction pattern, and accordingly, it is confirmed that the liquid crystal 
composition of the present invention has the bookshelf structure. 

Note, in Figs. 3 and 4, a indicates the rotation angle of the liquid crystal ceil to the incident direction of 
X-rays, which corresponds to the leaning angle of the liquid crystal layer to the substrate. 

As apparent from the foregoing description, according to the present invention, a liquid crystal 
composition is formed by adding a predetermined amount of a ferroelectric liquid crystal having a specific 
structure to conventional liquid crystals, so that the liquid crystal composition has the bookshelf structure. 
Accordingly, in the liquid crystai composition of the present invention, the viscosity is relatively low even in 
a low-temperature region and driving is possible in this low-temperature region. Furthermore, the liquid 
crystal composition of the present invention has a very good orientation uniformity as the liquid crystal and 
further, has a high memory stability. 

The inventors used a liquid crystal molecular orientation using a mixture of a naphthalene system 
ferroelectric liquid crystal: 


C 3 H 15°^^§ 0 -^ 2 dH 3 2 5 

which showed a high degree of flatness in the core structure of the liquid crystai molecule, and obtained a 
zigzag defect-free alignment with a rubbed polyvinyl alcohol cell with a 2 urn gap. The inventors also used 
a liquid crystal molecular orientation using a mixture of a naphthalene system and phenylpyrimidine system 
ferroelectric liquid crystals, and obtained a zigzag defect-free alignment with the same type of cell. 

The inventors investigated the temperature dependence of the smectic layer structure of these cells, by 
X-ray diffraction experiment, and the results are shown in Figure 5 and 6. These results are quite different 
from previously reported X-ray diffraction experiment results. (T. P. Rieker, N. A. Clark, G. S. Smith, D. S. 
Parmer, E. B. Sirota and C. R. Safinya, Phys. Rev. Lett. 59 2658 (1987)). 

Figure 5 shows a chevron structure, but unlike the~usual smectic liquid crystals, the layer tilt angle 
increases near the S A to S c * transition temperature, then decreases with a lowering of the temperature. This 
temperature dependence of the layer tilt angel does not coincide with the temperature dependence of the 
molecular tilt angle shown in Figure 7 and this lack of coincidence suggests that the interaction between the 
naphthalene system liquid crystal molecule and the substrate surface is strong enough to anchor the liquid 
crystal molecule near the substrate with a very low pretilt. This strongly anchored liquid crystai molecule 
could possibly decrease the layer tilt of the chevron structure to make bookshelf structure. 

Another possibility exits in that the molecular axes of the naphthalene system liquid crystal are not 
straight, making the molecular rotation of the naphthalene system liquid crystal different from the conven- 
tional liquid crystal molecular rotation. This rotational difference too might induce a bookshelf structure. 

Figure 6 shows a bookshelf structure. As shown in the Rg., the smectic layer is almost perpendicular to 
the substrates. These layer structures made it possible to clarify the relationship between the electro-optical 
properties and the smectic layer structure. Rgure 8 shows that the optical switching tim is proportional to 
th applied electric field strength in the region wher the smectic layer tilt angle is small. When the layer tilt 
is large, i.e., a chevron structure, the optical switching time is not proportional to th applied voltag . 
Therefore, a comparison of Rgures 7 and 8 indicates that the obtained bookshelf structure is a almost 
identical to Clark and LagerwalPs model. 

The blstability of the SSFLCD is also obviously related to the layer structure, as shown in Rgur 9. In 
Rgure 9 "memory stability" mans the ratio between the light transmittance 0.5 seconds after removing the 
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drive voltage and the transmittance when the drive voltage is applied. Figure 9 shows that a smaller tilt 
angle produces a more stable memory effect. 

In the course of those investigations, the inventors clarified that the bookshelf structure has superior 
optical switching and memory properties, and further clarified that the naphthalene system material gives us 
s a bookshelf layer structure with a rubbed polymer film cell. 

In 1980, Clark and Lagerwail reported some advantages of the surface stabilized ferroelectric liquid 
crystal cells with the bookshelf smectic layer structure model, and since then much research has been 
carried out. Nevertheless, the bookshelf structure proposed by Clark and Lagerwail with rubbed polymer 
cells has never been reported, and the naphthalene system material is the first ferroelectric liquid crystal to 
ro realize the bookshelf structure with rubbed polymer cells. 

Due to the realization of a bookshelf structure and a low layer tilt chevron structure by the naphthalene 
system liquid cyrstals, the inventors obtained the following four effective items. 

(1) An investigation can be made into the detailed relationship between the smectic layer structure and 
the electro-optical properties. 
75 (2) An investigation also can be made into the temperature dependence of the bookshelf layer structure. 

(3) The zigzag defects-free alignment of the S c " liquid crystal cells can provide a high contrast black and 
white display. 

(4) A bookshelf smectic layer structure is obtained with a rubbed polymer cell and is suitable for mass 
productions. 
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Claims 


1. A liquid crystal composition comprising (i) 5 to 60% by weight of at least one member selected from the 
25 group consisting of compounds represented by the following formula (I): 


30 



(I) 


wherein Ri represents an alkyl or aJkoxy group having 6 to 16 carbon atoms, and R 2 represents an alky I 
as group having at least one asymmetric carbon atom and 4 to 13 carbon atoms, which may be substituted 
with an alkoxy group having 1 to 6 carbon atoms, 

(li) 5 to 60% by weight of at least one member selected from the group consisting of compounds 
represented by the following general formula (II): 


40 



(ii) 


45 


wherein R3 represents an alkyl or alkoxy group having 6 to 16 carbon atoms, and R* represents an alkyl or 
alkoxy group having at least one asymmetric carbon atom and 4 to 13 carbon atoms, 
(III) 5 to 60% by weight of at least one member selected from the group consisting of compounds 
so represented by the following formula (III): 


55 


_^2>-r°-<2>-' 


wherein R 5 represents an alkyl or alkoxy group having 6 to 16 carbon atoms, and Rs represents an alkyl or 


25 


EP 0 405 868 A2 


alkoxy group having at least one asymmetric carbon atom and 4 to 13 carbon atoms, 

and (IV) 5 to 70% by weight of at least one member selected from the group consisting of compounds 

repre sented by the following formulae (IV-1) through (IV-5): 


5 


to 


75 


20 


25 



wherein Ra and R3 represent an alkyl group having 6 to 16 carbon atoms, and R7 represents an aikyl group 
having at least one asymmetric carbon atom and 4 to 13 carbon atoms, with the proviso that the element 
bonded to the asymmetric carbon atom includes a halogen atom. 

2. A liquid crystal composition as set forth in ciaim 1 , which further comprises (V) 5 to 40% by weight of at 
least one member selected from the group consisting of compounds represented by the following formulae 
(VI) and (V-2): 


35 


40 



(V-l), and 


(V-2) 


wherein Rio represents an aikyl or alkoxy group having 6 to 16 carbon atoms, and Ru represents an aikyl 
group having at least one asymmetric carbon atom and 4 to 13 carbon atoms, 
in addition to said compounds (I) through (IV). 
so 3. A liquid crystal composition as set forth in claim 1 , wherein the content of the compound of group (I) is 
10 to 50% by weight. 

4. A liquid crystal composition as set forth in claim 1 f wherein the content of the compound of group (II) is 
10 to 30% by weight. 

5. A liquid crystal composition as set forth in claim 1, wherein the content of the compound of -group (III) is 
ss 5 to 30% 'by w ight. 

6. A liquid crystal composition as set forth in claim 1 , wherein the content of the compound of group (IV) is 
10 to 60% by weight. 

7. A liquid crystal composition as set forth in claim 1 , wherein the content of the compound of group (I) is 
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10 to 50% by weight, the content of th compound of formula (II) is 10 to 30% by weight, the content of the 
compound of group (111) is 5 to 30% by weight, and the content of the compound of group (IV) is 10 to 60% 
by weight 

8. A liquid crystal composition as set forth in claim 2, wherein the content of the compound of group (V) is 
5 20 to 40% by weight 

9. A liquid crystal composition as set forth in claim 2, wherein the content of the compound of group (I) is 
10 to 50% by weight, the content of the compound of group (II) is 10 to 30% by weight the content of the 
compound of group (III) is 5 to 30% by weight, the content of the compound of group (IV) is 10 to 60% by 
weight, and the content of the compound of group (V) is 20 to 40% by weight 

w 10. A ferroelectric liquid crystal display device, comprising: 
a liquid crystal panel, comprising: 
a first transparent substrate; 

a second transparent substrate substantially in parallel with the first transparent substrate; 
first transparent electrode means formed on the internal surface of said first transparent substrate; 
75 second transparent electrode means formed on the internal surface of said second transparent substrate; 
a spacer between the first and second transparent substrates, said first and second transparent substrates 
and said spacer forming an enclosed space, said first and second transparent electrodes each having an 
internal surface facing the enclosed space; 

first liquid crystal orienting means formed on the internal surface of said fist transparent substrate; 
20 second liquid crystal orienting means formed on the internal surface of said second transparent substrate; 
a ferroelectric liquid crystal having a spontaneous polarization and forming a bookshelf smectic-C layer 
structure, charged in the enclosed space; and 

means for causing the liquid crystal at selected portions of the panel to have a polarization of the liquid 
crystal molecules oriented in one direction and the liquid crystal at other portion of the pane! to have a 

25 polarization of the liquid crystal molecules oriented in one direction and the liquid crystal at other portions of 
the panel to have a polarization of the liquid crystal molecules oriented in a reverse direction thereto, 
comprising means for applying a pulse wave form electric field alternately to the positive and negative sides 
by applying a pulse wave form electric voltage across the first and second electrodes, where.n said 
ferroelectric liquid crystal is a chiral smectic-C liquid crystal composition comprising (l) 5 to 60% by weight 

go of at least one member selected from the group consisting of compounds represented by the following 
formula (I): 


35 


40 


45 


50 


55 



0 


wherein R, represents an alkyl or alkoxy group having 6 to 16 carbon atoms, and «P^* 

group having at least one asymmetric carbon atom and 4 to 13 carbon atoms. wh,ch may be substituted 

with an alkoxv qroup having 1 to 6 carbon atoms, 

W 5 to 60% by weight of at least one member selected from the group consisting of compounds 

represented by the following general formula (II): 


R 4 


R 3 


(II) 


wherein Ra represents an alkyl or alkoxy group having 6 to 16 carbon atoms, and FU represents an alkyl or 
alkoxy group having at least one asymmetric carbon atom and 4 to 13 carbon atoms. rQmQOunds 
„m 11 «n % h* wataht of at least one member selected from the group cons.st.ng of compounds 


(III) 5 to 60% by weight of at least one 
represented by the following formula (III): 


27 


EP 0 405 868 A2 


5 

wherein R s represents an alkyl or alkoxy group having 6 to 16 carbon atoms, and R 5 represents an aikyl or 
alkoxy group having at least one asymmetric carbon atom and 4 to 13 carbon atoms, 
and (IV) 5 to 70% by weight of at least one member selected from the group consisting of compounds 
10 repre sented by the following formulae (IV-1) through (IV-5): 


75 


20 


25 


30 



wherein R 8 and R9 represent an alkyl group having 6 to 16 carbon atoms, and R 7 represents an alkyl group 
35 having at least one asymmetric carbon atom and 4 to 13 carbon atoms, with the proviso that the element 
bonded to the asymmetric carbon atom includes a halogen atom. 

11. A ferroelectric liquid crystal display device as set forth in claim 10, which further comprises (V) 5 to 
40% by weight of at least one member selected from the group consisting of compounds represented by 
the following formulae (V-1) and (V-2): 

40 



(V-1), and 


(V-2) 


wherein R10 represents an alkyl or aikoxy group having 6 to 16 carbon atoms, and Rtt represents an alkyl 
5S group having at least one asymmetric carbon atom and 4 to 13 carbon atoms, 
in addition to said compounds (I) through (IV). 

12. A ferroelectric liquid crystal display device as set forth in claim 10 or 11, wherein said bookshelf 
smectic-C layer structure is perpendicular to said fist- and second substrates. 
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13. A ferroelectric liquid crystal display device as s t forth in claim 10 or 11, wherein 

said first and second liquid crystal orienting means comprise a polymer film subjected to th rubbing 
treatment. 

14. A ferroelectric liquid crystal display device as set forth in claim 13, wherein said polymer film is 
polyvinyl alcohol (PVA), polyimide, or poiyamide. 
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Fig. 1 

BOOKSHELF STRUCTURE 


>1 


Fig . 2 

CHEVRON STRUCTURE 


PORTION OF ORIENTATION DEFECT 

I I I 

3-1 
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Fig . 3 


X-RAY DIFFRACTION DIAGRAM OF 
CONVENTIONAL LIQUID CRYSTAL 
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Fig. A 


X-RAY DIFFRACTION DIAGRAM OF LIQUID 
CRYSTAL COMPOSITION OF PRESENT INVENTION 
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Fig. 9 
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